The conformational conversion of the normal cellular prion protein (PrP C ) into the pathology-associated PrP Sc isoform is a key event in TSEs (transmissible spongiform encephalopathies). The host PrP C molecule contains two N-linked glycosylation sites and binds copper under physiological conditions. In contrast with PrP C , PrP Sc is insoluble in non-ionic detergents and does not bind to Cu 2+ ions. Hence, we utilized copper binding to separate and characterize both PrP isoforms. Infected and uninfected murine brain and bovine stem brain specimens were treated with the mild non-ionic detergent n-octyl-β-D-glucopyranoside (octylglucoside) to maintain the native PrP conformations during isolation. The solubilized homogenates were loaded on to Cu 2+ -saturated IMAC (immobilized metal affinity chromatography) columns and eluted using the chelating agent EDTA. Fractions were separated by SDS/PAGE and analysed by immunoblotting using anti-PrP 
The conformational conversion of the normal cellular prion protein (PrP C ) into the pathology-associated PrP Sc isoform is a key event in TSEs (transmissible spongiform encephalopathies). The host PrP C molecule contains two N-linked glycosylation sites and binds copper under physiological conditions. In contrast with PrP C , PrP Sc is insoluble in non-ionic detergents and does not bind to Cu 2+ ions. Hence, we utilized copper binding to separate and characterize both PrP isoforms. Infected and uninfected murine brain and bovine stem brain specimens were treated with the mild non-ionic detergent n-octyl-β-D-glucopyranoside (octylglucoside) to maintain the native PrP conformations during isolation. The solubilized homogenates were loaded on to Cu 2+ -saturated IMAC (immobilized metal affinity chromatography) columns and eluted using the chelating agent EDTA. Fractions were separated by SDS/PAGE and analysed by immunoblotting using anti-PrP monoclonal antibodies for glycosylation profiling. Whereas native PrP C and denatured PrP Sc were retained by a Cu 2+ -loaded resin, native PrP Sc and PrP res [PK (proteinase K)-resistant PrP] passed through the column. We demonstrate here that the IMAC technique is appropriate to isolate and partially purify PrP C from healthy brains in its native-like and biologically relevant glycosylated copper-binding forms. The IMAC technique is also well suited for the separation of native PrP C from aggregated PrP Sc in infected brains. Our results indicate that in contrast with PrP
INTRODUCTION
Prion diseases or TSEs (transmissible spongiform encephalopathies) are lethal neurodegenerative disorders, such as scrapie in sheep, BSE (bovine spongiform encephalopathy) in cattle, and CJD (Creutzfeldt-Jakob disease) and FFI (fatal familial insomnia) in humans. In contrast with other neurodegenerative diseases that are characterized by aggregated proteins, TSEs are infectious. Histopathologically, prion diseases are accompanied by spongiform modifications of the grey matter and the appearance of proteinaceous plaques [1] . These plaques are mainly built of fibrils referred to as SAFs (scrapie-associated fibrils), comprising aggregated PrP (prion protein) molecules [2] . The post-translational conversion of the normal cellular form (PrP C ) encoded by the PRNP gene into the pathology-associated isoform (PrP Sc ) involves non-covalent modifications, leading to the aggregation of PrP Sc into SAFs. The protein-only hypothesis postulates that these SAFs are the infectious agent. This concept is extended by the appearance of different pathology-associated isoforms referred to as prion strains [3] .
In contrast with PrP C , the PrP Sc isoform has a higher content of β-sheets than α-helices in the secondary structure. In addition, PrP Sc is partially proteinase K (PK) resistant (PrP res ) and insoluble in non-ionic detergents [1] . These biochemical properties have been widely used for the detection of PrP Sc and the diagnosis of TSEs [4] . PrP C is an evolutionarily highly conserved molecule. It may play a role in synaptic function, signal transduction or apoptosis [5] . In recent years, an increasing number of different putative PrP receptors have been described, but up to now this has not led to a convincing explanation of the biological function of PrP C . PrP C contains two N-linked glycosylation sites and is embedded in membranes via a GPI (glycosylphosphatidylinositol) anchor [6] . Similar to other GPI-anchored proteins, the host PrP C is mainly incorporated into cholesterol-rich microdomains (rafts) found at the plasma membrane of neurons [7, 8] . PrP C passes through a subcellular cycle between plasma membrane and endosomal compartments, and seems to recycle to the interior of the cell with a transit time of approx. 60 min [9] . In contrast, PrP Sc is deposited in cytoplasmatic vesicles and extracellular plaques [2] . The subcellular sites where PrP Sc is formed and the trafficking pathways leading to these sites are currently under investigation [6] .
Distinct glycosylation differences between PrP C and PrP Sc have been described [10] . Glycosylation is able to protect large regions of the PrP surface from proteases and non-specific protein-protein interactions [11] , and also influences the glycosylation of other putative interacting proteins [12] . Two molecular features of PrP Sc , i.e. the molecular mass and the glycosylation profile, have been used to describe different prion strains [13, 14] by a technique referred to as glycotyping. In this method the extent of glycosylation of the di-, mono-and un-glycosylated PrP res is examined by immunoblotting after SDS/PAGE. However, a detailed study has shown that glycotyping of PrP isoforms is difficult to perform and to interpret [15] . Recently, it was reported that pH variations in brain homogenates influence the characteristics of PrP res [16] . PrP C binds copper under physiological conditions [17] via its octarepeat region [18] . This metal-binding property has been used Abbreviations used: BSE, bovine spongiform encephalopathy; ECL, enhanced chemiluminescence; IMAC, immobilized metal affinity chromatography; mab, monoclonal antibody; NC, nitrocellulose; PK, proteinase K; PrP, prion protein; PrP C , normal cellular PrP; PrP res , PK-resistant PrP; PrP Sc , pathologyassociated conformation of PrP; recbPrP, recombinant bovine PrP; TSE, transmissible spongiform encephalopathy. 1 To whom correspondence should be addressed (email astuke@dpz.gwdg.de).
to purify PrP C from normal hamster brains using a Co 2+ -charged column [19] or recombinant PrP from Escherichia coli by Ni 2+ -nitrilotriacetate agarose [20] . In contrast with PrP C , PrP Sc does not bind to copper [21] . Thus in the present study we utilized copper binding to separate the PrP isoforms from each other. To maintain the native PrP conformation during isolation we used the mild non-ionic detergent octylglucoside (n-octyl-β-D-glucopyranoside; Sigma) [22] for sample solubilization. By using IMAC (immobilized metal affinity chromatography), we isolated and partially purified PrP C from healthy mouse and cattle brain in its native glycosylated copper-binding forms. Furthermore, using TSE-infected brains we separated native PrP C from aggregated PrP Sc . ECL (enhanced chemiluminescence) immunoblotting experiments were conducted to characterize both isoforms by densitometric measurements. Our results indicate that PrP C molecules from uninfected and infected brains are predominantly glycosylated, whereas PrP Sc molecules are more often non-glycosylated.
EXPERIMENTAL

Brains
The brains of healthy mice (strain STU) were derived from the breeding facility of the German Primate Centre (DPZ), Germany. Brains of mice (strain C57BL6) infected with scrapie (strain Chandler) were obtained from M. Groschup (Institute of Novel and Emerging Infectious Diseases, Federal Research Centre for Virus Diseases on Animals, Insel Riems, Germany). A bovine stem brain sample of a healthy animal was provided by W. Schulz-Schaeffer (Institute of Neuropathology, Georg-AugustUniversity, Göttingen, Germany). A stem brain sample of a cow that had clinical evidence of BSE infection (case number 97/ 00091) was kindly provided by the Veterinary Laboratories Agency Weybridge (Addlestone, Surrey, U.K.).
Preparation of protein extracts (homogenization and subcellular fractionation)
To hinder denaturation and inactivation processes, all steps were performed at 4
• C. After thawing, aliquots of brain material were homogenized using a glass Potter-Elvehjem homogenizer in Tris buffer (10 mM Tris/HCl, 100 mM KCl, 320 mM sucrose, pH 7.5) to a final concentration of 10 %. To pellet nuclei, cytoskeletal and cytoplasmic membrane fractions, the homogenates were centrifuged at 2000 g for 10 min. The pellet was removed and saved, and the resulting supernatant was sedimented at 10 000 g for 15 min yielding a pellet containing the mitochondria. Subsequently, the remaining supernatant was layered on to a 20 % (w/v) sucrose cushion and clarified by ultracentrifugation at 160 000 g for 4 h. Three fractions were recovered, a synaptosomal/microsomal fraction at the bottom, the sucrose fraction and the supernatant. The pellets of the three centrifugation steps, the sucrose layer and the remaining supernatant were stored at − 80
• C. The total protein content of all fractions was determined using a protein assay kit (Bio-Rad).
Detergent solubilization and IMAC
PrP was enriched and partially purified by a modification of the IMAC protocol, as described by Pan et al. [23] . To solubilize membranes containing PrP, samples with a total protein content of 1-4 mg/ml were incubated with 2.5 % (w/v) of the mild nonionic detergent octylglucoside for 90 min at 4
• C in the presence of the protease inhibitors leupeptin, aprotenin and pepstatin A (0.1 µg/ml each). Octylglucoside is known to maintain the native conformation and enzymatic activity of many proteins under a variety of conditions [24] . The samples were adjusted to 1 % (w/v) octylglucoside by adding Tris buffer (pH 7.5) and were agitated at 4
• C overnight. Residual cell debris were removed by a short centrifugation step (11 000 g, 5 min, 4
• C) and the supernatants were collected and applied to the IMAC column. The total protein content of the detergent-containing supernatants was determined with the RC DC Assay Kit (Bio-Rad).
A 1-ml IMAC column packed with iminodiacetic acid coupled to chelating fast-flow Sepharose (Amersham Pharmacia) was charged with three column volumes of 100 mM CuSO 4 , washed with five column volumes of washing buffer (20 mM Tris/HCl, 500 mM KCl, 1 mM imidazole, pH 8.0), and equilibrated with ten column volumes of washing buffer containing 1 % (w/v) octylglucoside. Then the solubilized sample containing a total of 1-5 mg of protein with a mean concentration of 0.5 mg/ml was applied on to the column and the flow-through was collected in 1-ml fractions. After washing with five column volumes of washing buffer, the bound proteins were eluted with five column volumes of 100 mM EDTA, pH 8.0, by releasing the copper ions from the IMAC resin. All steps were performed at a flow rate of 0.5 ml/min. Subsequently, remaining salts, EDTA and Cu 2+ ions were removed by dialysis or centrifugation using YM-10 Centriprep centrifugal filter devices (Amicon). Aliquots of flowthrough, wash fraction and eluate corresponding to 15-90 µg of total protein were concentrated by ethanol precipitation and analysed by SDS/PAGE and immunoblotting. Before analysis some samples were digested with PK. All experiments were done at least in triplicate.
Denaturation
To further characterize the binding affinities of PrP C and PrP Sc to the Cu 2+ -loaded resin the PrP-containing samples were denatured by boiling in 4 % SDS for 10 min before applying to the IMAC column.
PK digestion
To determine the PrP res content of the solubilized fractions and the IMAC fractions, protein samples corresponding to 15-40 µg of total protein were precipitated with three volumes of 96 % (w/v) ethanol. The resulting pellets were dissolved in digestion buffer [10 mM Tris/HCl, 1 mM CaCl 2 , 0.5% (w/v) SDS, pH 7.8] and incubated with PK (Boehringer) concentrations ranging from 0 µg/ml to 5 µg/ml for 30 min at 37
• C. Digestion was terminated by addition of an equal volume of SDS/PAGE loading buffer [40 mM Tris/HCl, 250 mM dithiothreitol, 7.5 M urea, 2.3 % (w/v) SDS, 0.05 % (w/v) Bromophenol Blue, pH 6.8] and immediately heated to 95
• C for 5 min.
Discontinuous SDS/PAGE analysis and immunoblotting
The proteins were separated using 9-16 % (w/v) polyacrylamide gradient gels containing 1 % (w/v) SDS according to the protocol of Laemmli [25] , and electroblotted on to 0.45 µm NC (nitrocellulose) membranes (Schleicher and Schuell) using the method described by Towbin et al. [26] . The NC sheets were incubated for 90 min at 37
• C in blocking buffer [PBS with 5 % non-fat dry milk, 0.1 % (v/v) Tween 20] . PrP was visualized by staining with a mixture of the mabs (monoclonal antibodies) 3B5, 4F2, 8G8, 11C6, 12F10 and 14D3 (1:3000 for each). The mabs specifically react with human, murine and bovine PrP epitopes [27] , but are unable to discriminate between PrP C and PrP Sc . NC sheets were incubated for 1 h at 37
• C. Subsequently, the sheets were incubated for 1 h at 37
• C with a peroxidase-conjugated antimouse IgG (1:4000; Dianova). Western blots were developed with an ECL detection system (Amersham Pharmacia) according to manufacturer's instructions and exposed on X-ray HyperFilms (Amersham Pharmacia). Signals were quantified by comparing with known quantities of recbPrP (recombinant bovine PrP; Prionics), and the relative PrP content was determined with the ScionImage analysis software (Scion Corporation). The limit of detection was approx. 1 ng of recbPrP. The general distribution of proteins was determined by staining the NC sheets with 2 % (w/v) Ponceau S in 3 % (v/v) acetic acid.
RESULTS
PrP localization in subcellular fractions of infected and uninfected bovine stem brain and whole mouse brains
To localize PrP C and PrP Sc within different cellular fractions, brain tissue was homogenized and adjusted with buffer to a final concentration of 10 %. Subsequently, the samples were differentially centrifuged to pellet nuclei, cytoplasmic membranes and cytoskeleton in the first step, mitochondria in the second and synaptosomal/microsomal membranes in the final step. After subcellular fractionation of normal bovine stem brain ( Figure 1A ) and normal murine brain, PrP C was enriched in all membranecontaining fractions. Of the three centrifugation pellets, the cytoplasmic membrane fraction contained not only the highest PrP content (Table 1) , but also the highest PrP total protein ratio (results not shown). In the sucrose fraction only a small amount of PrP C was observed, whereas in the remaining supernatant containing all soluble proteins, PrP C -specific signals were absent. From infected bovine stem brain ( Figure 1B ) and infected murine brain, PrP C and PrP Sc were enriched in all three centrifugation pellets, as well as in the sucrose fraction. In the remaining supernatant, PrP was absent. Similarly to uninfected specimens the cytoplasmic membrane fraction of infected brain specimens contained the highest PrP content (Table 1) and PrP total protein ratio (results not shown). The distribution of PrP in the subcellular fractions of normal bovine stem brain and BSE-infected bovine stem brain differed. In uninfected stem brain 89 % of PrP C were enriched in the cytoplasmic membrane fraction. After infection with the BSE agent, the total PrP content of the cytoplasmic membrane fraction was found to be diminished by about 15 % in favour of the mitochondrial fraction.
IMAC
PrP
C and PrP Sc were enriched in all three subcellular pellet fractions, namely in the cytoplasmic membrane fraction and the mitochondrial fraction, as well as in the synaptosomal/microsomal fraction. To take variation in the conformational appearance or modification status of different PrP C and PrP Sc species in different subcellular fractions into consideration, we decided to subject a pool of the three centrifugation pellets to IMAC treatment. However, single IMAC experiments with individual fractions suggested no differences regarding the IMAC elution profiles of single fractions or the fraction pool (results not shown). To release PrP from the membranes, the pooled pellet fractions were incubated in 2.5 % octylglucoside. Whereas PrP C is solubilized by this treatment, PrP Sc remains to be incorporated into aggregated structures [21] . After sedimentation of cell debris the supernatant containing the whole PrP was applied to the Cu 2+ -loaded column. The elution profiles of the PrP isoforms of both infected and uninfected mouse brain and bovine stem brain were recorded by ECL immunoblotting.
IMAC of normal mouse brains and normal bovine stem brains
PrP C was found only in the eluate of the IMAC column, indicating that PrP C binds the Cu 2+ -loaded resin. Immunoblotted fractions of an uninfected murine brain specimen ( Figure 2A ) and uninfected bovine stem brain specimen ( Figure 2B ) after IMAC are shown. PrP-specific signals were not detected in the flow-through or in the wash fractions. A decreased protein/detergent ratio during solubilization turned out to be crucial for recovery of PrP C from the suspended membranes and its affinity to Cu 2+ ions. A 4-fold PBS-diluted specimen resulted not only in a higher content of solubilized membrane-released proteins, but also led to a more extensive binding of PrP C to the IMAC column. In the case of undiluted bovine stem brain, 22 % of the total PrP C amount was bound on average (results not shown). However, a 4-fold PBS dilution of the same specimen resulted in an almost 5-fold higher affinity of PrP C to the Cu 2+ -loaded column, leading to a complete binding (within our detection limit). Furthermore, we observed that repeated usage of the columns yielded a better recovery of PrP C . IMAC with an unused column led to an incomplete binding of PrP C . Thus columns had to be used repeatedly to obtain reproducible, quantitative results.
Normal bovine stem brain and normal mouse brain were characterized by stronger signals for the fully glycosylated form of PrP C . Accordingly, after IMAC involving loss of substantial amounts of protein no unglycosylated PrP C was detectable. The relative intensities of the PrP-specific signals before and after IMAC did not differ. In Figure 3 a glycotyping pattern is shown for six uninfected murine whole brain specimens.
IMAC of scrapie-infected mice brains and a BSE-infected bovine stem brain
In case of infected material PrP was found both in the flow-through and in a lower content in the eluate. Figure 4 shows fractions after IMAC of a mouse brain specimen infected with the Chandler scrapie strain ( Figure 4A ) and of a BSE-infected bovine stem brain specimen ( Figure 4B ). In contrast with uninfected samples, PrP Octylglucoside extracts from murine brain infected with the scrapie strain Chandler (A) and BSE-infected bovine stem brain (B) were applied to and eluted from a Cu 2+ -loaded IMAC column. Pooled flow-through samples (500 µg/ml total protein), pooled eluted samples (1000 µg/ml total protein) and solubilized samples immediately prior to application to the Cu 2+ -loaded column (750 µg/ml total protein) were digested for 30 min at 37 • C in the presence of the PK concentrations indicated. In case of the flow-through sample in (A), digested with 0.5 µg/ml PK, 750 µg/ml total protein was used. After SDS/PAGE (total protein in each lane, 30-50 µg) immunoblotting was carried as described in Figure 1 was found not only in the retained fraction, but also in the flowthrough of the IMAC column. Thus we hypothesized that the bands in the flow-through ( Figure 4A , lanes 2-3, and Figure 4B , lanes 1-4) comprised PrP Sc . The diglycosylated, monoglycosylated and unglycosylated forms of PrP were observed in the IMAC flow-through, whereas in the eluate only weak signals of the unglycosylated form were found. The latter corresponds to the results obtained with uninfected specimens before and after IMAC. In Figure 3 a glycotyping pattern is shown for three infected murine whole brain specimens.
PK digestion of IMAC fractions of infected mouse brains and an infected bovine stem brain
Additional PrP-specific signals appearing in the IMAC flowthrough of infected specimen ( Figure 4A, lanes 2-3, and Figure 4B, lanes 1-4) may be explained as follows. The TSE-associated isoform was actually enriched in the flow-through and consequently separated from the cellular isoform in the retained fraction. However, the total PrP content is significantly higher in infected specimens. Thus it cannot be excluded that the PrPspecific signals in the flow-through appeared as a consequence of an insufficient capacity of the column. Since PrP C and PrP Sc are undistinguishable by specific antibodies, both isoforms can only be monitored by their differing PK resistance.
The resistance of all IMAC fractions with respect to digestion with PK was analysed. Each fraction was digested with a range of PK concentrations from 0 to 5 µg/ml. The results shown in Figure 5 indicate a substantial difference in the PK resistance of PrP in different IMAC fractions. In the positive control, comprising the solubilized material before application to the IMAC column, PrP-specific signals were observed up to PK concentrations of 5 µg/ml. A band displacement appeared at 0.25 µg/ml PK for the scrapie-infected murine specimen. The BSE-infected bovine specimen was resistant up to 5 µg/ml PK. Thus, under the conditions used here, bovine PrP was found to be more resistant to proteolysis than murine PrP. In the flow-through PrP-specific signals were still undisplaced at PK concentrations of 0.25 µg/ml (scrapie-infected murine specimen) or 5 µg/ml PK (BSE-infected bovine specimen) respectively. Thus the specimens showed an even greater PK resistance after applying to the Cu 2+ -loaded resin. In contrast with the flow-through, in the eluate no PrP-specific signals were detected after proteolytic treatment with 0.01 µg/ml PK (scrapie-infected murine specimen) or 5 µg/ml PK (BSE-infected bovine specimen) respectively. These observations confirmed our hypothesis that the flow-through contains PrP Sc -molecules, whereas only PrP C binds to the Cu 2+ -loaded resin and can be eluted with EDTA.
IMAC of denatured scrapie-infected mouse brains
To further analyse the inability of PrP Sc to bind to an IMAC column, scrapie-infected murine brain tissue was homogenized and suspended to a final concentration of 10 %. The homogenate was denatured by boiling in 4 % SDS for 10 min and applied to Cu 2+ -loaded columns. In all IMACs of denatured specimens, all PrP-specific signals were observed in the eluate. Furthermore, all three PrP-specific bands were always detected ( Figure 6A ). Thus after SDS treatment both PrP isoforms were retained by the column, as demonstrated with scrapie-infected mouse brain. To test the resistance of the denatured and IMAC-subjected PrP molecules to proteolytic treatment, the eluate was digested with different PK concentrations ( Figure 6B ). Digestion by 0.5 µg/ml PK completely degraded all PrP molecules without producing an intermediate band displacement.
IMAC of PK-digested and denatured scrapie-infected mouse brains
The observation that denatured PrP Sc binds to the IMAC resin prompted us to determine whether this ability is actually based on the existence of the octarepeats containing the proposed Cu 2+ -binding function. Therefore, a 10 % homogenate of scrapie-infected mouse brain tissue was digested with 1 µg/ml PK for 30 min, denatured by boiling in 4 % SDS, and applied to and eluted from an IMAC column ( Figure 7 ). After proteolytic treatment the N-terminal amino acids containing the Cu 2+ -binding site are lost, yielding the PK-resistant core fragment of scrapie-associated PrP (PrP res ). Consequently, a band displacement appeared. After applying the specimen on to the IMAC column, all PrP-specific signals were detected in the flow-through. Surprisingly, the PrP bands always appeared not only at a higher molecular mass than the PK-digested PrP, but also at a higher mass than the untreated PrP prior to PK digestion and IMAC. As expected no bands were observed in the eluate.
IMAC-mediated enrichment of PrP isoforms is influenced by the washing conditions
The positive co-operative Cu 2+ -binding site on PrP comprises the PHGGGWGQ segment within each of its four highly conserved octarepeats spanning residues 60 to 91 in the highly flexible Nterminal half of the PrP sequence. Cu 2+ binding is pH dependent. At pH 7.4, four Cu 2+ ions are chelated by the octarepeats, at acidic conditions only two Cu 2+ ions are bound. In any case, the histidine residues are responsible for the binding to the metal ions [28] . To chelate metal ions not only are different amino acid residues suitable, but also molecules of a low molecular mass containing an amino function, such as ammonium chloride and imidazole. In agreement with this fact, before elution, a washing buffer containing the displacing agent imidazole was used to compete for binding to Cu 2+ and consequently to remove non-specifically bound proteins. By changing the imidazole concentration the distribution of other cellular proteins with respect to flow-through/wash fraction or eluate was influenced (results not shown). Using a washing buffer containing 1 mM imidazole, other cellular proteins showed an increased non-specific binding to the IMAC column and were found in the retained fraction. Increased the imidazole concentration before releasing the Cu 2+ ions by addition of the chelating agent EDTA resulted in a like-wise increased content of cellular proteins, which were enriched in the wash fraction. In contrast, the imidazole concentration did not affect the binding behaviour of PrP
Sc . Consequently, the imidazole concentration allows an optimization of the enrichment of PrP C and denatured PrP Sc in the eluate or native PrP Sc or PrP res in the flow-through.
DISCUSSION
After infection with prions the cellular PrP is converted into its pathology-associated isoform and consequently the amount of PrP Sc increases. Thus in the infected material analysed the PrP Sc content was considerably higher than the PrP C content, reflecting the clinical stage of the specimens examined. Our observations are comparable with quantitative analyses reported previously [29] . As expected the subcellular fractionation of uninfected murine brain homogenate and uninfected bovine stem brain homogenate indicated that PrP C is mainly localized in the cytoplasmic membrane fraction. In summary, these experiments showed that PrP predominantly occurs in a membrane-associated form. In infected bovine stem brain an increased amount of PrP was found in the mitochondrial fraction, whereas in whole mouse brains the distribution of PrP was similar for uninfected and infected brains. This may reflect an increased PrP concentration in bovine stem brain material.
To separate both PrP isoforms and to partially purify them from other proteins we conducted an IMAC study using uninfected and infected brain specimens. In each IMAC experiment a pool of membrane fractions was solubilized in 2.5 % octylglucoside and the IMAC elution profile was recorded by immunoblotting and total protein staining. IMAC experiments analysing uninfected murine brains and uninfected bovine stem brains indicated that under optimized conditions (see the Experimental section) PrP C was found only in the eluate of the column. Since the eluted PrP was PK sensitive under the experimental conditions used in our study, a Cu 2+ -induced PK-resistant PrP C species [30] was excluded. However, the effect of copper on PrP detection appears to be subtle [31] [32] [33] and has to be investigated in further studies.
In contrast with uninfected specimens, the elution profiles of scrapie-infected murine brains and BSE-infected bovine stem brains exhibited PrP-specific bands in the IMAC flow-through. These PrP molecules proved to be more resistant to PK digestion than the PrP molecules in the eluted fractions. To assess the validity of the remaining PrP bands after PK treatment (PrP res ), a concurrent complete digestion of PrP C is of importance. In this context, not only the PK concentration and incubation time, but also the PK total protein ratio and the extraction detergents, leading to distinct solubilities of the PrP isoforms, are of importance to avoid misinterpretation of the remaining PrP C bands as PrP Sc conformation under the conditions of the experimental protocol used in the present study. Surprisingly, after IMAC of PK-digested and denatured murine scrapie brain specimens the PrP-specific signals appeared not only at a higher molecular mass than the PrP bands after PK treatment only, but were also higher than the PrP bands prior to PK digestion and IMAC. Probably, aggregation occurred and seems to be responsible for the observed effect. Although after denaturation with loading buffer containing SDS no aggregates should remain, and chemical reactions yielding covalent modifications during PK treatment, SDS denaturation or IMAC are not known, but cannot be excluded.
In agreement with the IMAC treatments of PK-digested and SDS-denatured specimens, the octarepeats proved to be responsible for the Cu 2+ -binding function of both PrP C and denatured PrP Sc . However, we could not confirm the proposed presence of a second Cu 2+ -binding site [23] downstream from the N-terminal repeats. The N-terminal region of PrP containing the Cu 2+ -binding site is described as highly flexible, metastable and devoid of a welldefined structure. Thus one can assume that the different affinities of PrP C and PrP Sc to Cu 2+ in the experiments described here are a consequence of the deviations in the N-terminal secondary and tertiary conformation of both isoforms. Of course, it cannot be excluded that the inability of native PrP Sc to bind to the Cu 2+ -loaded columns results from PrP Sc aggregation which buries the octarepeats. In addition, an incomplete solubilization of PrP Sc could have a similar effect, as octylglucoside solubilizes PrP C whereas some PrP Sc could remain to be incorporated into rafts. It has been proposed that glycan side chains can alter the PrP Sc structure (conformation theory) or bind to neuronal receptors which then reproduce homologously glycosylated PrP Sc (targetcell theory) [35] . The relative amounts of PK-digested and denatured PrP glycoforms of infected brains have been used to discriminate between TSE strains [15] . However, only little attention was dedicated to the glycosylation pattern of native PrP C from uninfected individuals or cells [36] in comparison with the glycosylation pattern of native PrP Sc . The results of such glycotyping studies should be carefully interpreted, because small variations during homogenization [37] and PK digestion, i.e. autolysis of cells, pH value [15] , redox potential etc., may have unpredictable effects on PrP structure and immunogenicity. Since the IMAC technique enabled us to separate both PrP isoforms in native-like conformations, we used the Western blot signals of uninfected and infected murine IMAC specimens for glycotyping. We observed that PrP C isolated from uninfected and infected murine brain appeared predominantly to be diglycosylated. This is not surprising, since a recent study suggests that the majority of PrP C in pig brain appears in a fully-glycosylated form [38] . If PrP C fulfils its biological function at the plasma membrane this seems to be evident. For the PrP Sc isoform we observed significantly higher portions of especially the non-glycosylated state. One may speculate that this incomplete glycosylation of PrP Sc could be specific for TSE diseases and may even favour their transmissibility or development. This hypothesis is consistent with studies in a cell-free conversion assay [39] and in neuroblastoma cells [40, 41] .
